Chapter 1 


Probability 


1.1 Properties of Probability 


1.1-2 Sketch a figure and fill in the probabilities of each of the disjoint sets. 
Let A = {insure more than one car}, P(A) = 0.85. 
Let B = {insure a sports car}, P(B) = 0.23. 
Let C = {insure exactly one car}, P(C) = 0.15. 
It is also given that P(A N B) = 0.17. Since ANC = ¢, P(ANC) = 0. It follows that 
P(AN BNC’) =0.17. Thus P(A’ N BNC’) = 0.06 and P(B’ N C) = 0.09. 
1.1-4 (a) S={HHHH, HHHT, HHTH, HTHH, THHH, HHTT, HTTH, TTHH, 
HTHT, THTH, THAT, HITT, THTT, TTHT, TTTH, TTTT}; 
(b) (i) 5/16, (ii) 0, (iii) 11/16, (iv) 4/16, (v) 4/16, (vi) 9/16, (vii) 4/16. 


1.1-6 (a) P(AU B) = 0.5 + 0.6 — 0.4 = 0.7; 


(b) A = (AAB)U(ANB) 
P(A) = P(AN B’)+P(ANB) 
0.5 = P(ANB’)+04 
P(A B’) = 0.1; 


(c) P(4'U B’) = PAN BY] = 1 — P(AN B) = 1 — 0.4 = 0.6. 


1.1-8 Let A ={lab work done}, B ={referral to a specialist}, 
P(A) = 0.41, P(B) = 0.53, P([AU BJ’) = 0.21. 


P(AUB) = P(A)+P(B)- P(ANB) 
0.79 = 0.41 +0.53 — P(AN B) 
P(ANB) = 0.41+0.53-— 0.79 = 0.15. 
11-10 AUBUC = AU(BUC) 

P(AUBUC) = P(A)+P(BUC)—-P[AN(BUC)] 
= P(A)+P(B)+P(C)- P(BNC)— PI(ANB)U(ANOC) 
= P(A)+P(B)+ P(C) -— P(BNC)- P(ANB)- P(ANC) 

( 


1.1-12 (a) 1/3; (b) 2/3; (c) 0; (d) 1/2. 
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afr —r(v3/2)] _, _ v3 
2r 20 


1.1-14 P(A) = 


1.1-16 Note that the respective probabilities are po, pı = po/4, p2 = po/4?, ++. 


1.2 Methods of Enumeration 


1.2-2 (a) (4)(5)(2) = 40; (b) (2)(2)(2) =8. 
1.2-4 (a) (5) = 80; 
(b) 4(2°) = 256; 


Š ! 
(c) a TE 
1.2-6 S ={ DDD, DDFD, DFDD, FDDD, DDFFD, DFDFD, FDDFD, DFFDD, 
FDFDD, FFDDD, FFF, FFDF, FDFF, DFFF FFDDF, FDFDF, 
DFFDF, FDDFF, DFDFF, DDFFF } so there are 20 possibilities. Note that the 
winning player (2 choices) must win the last set and two of the previous sets, so the 


number of outcomes is 5 , 3 
2 = 20. 
OHONO E 
1.2-8 3-3-21? = 36,864. 


pee (C ‘) i ("= :) = oa Pi SE r)! 


= 20. 


1.212 0 = (1-1)=>> (") (-1)"(1)"-" = 3 (-1)" @: 
= (14+1)"= x (") (1)"(1)"-" = a ("). 


5—1+29 33! 
1.2-14 ( n ) = spur = 40,920 
(3) ( — *) 
3 6 102,486 
1.2-16 (a) (2) K 7 02907 
9 
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IOI rat oem 
: 


1.2-18 (a) P(A) = X3 (1/2” = 1- (1/2) 
(b) P(B) = En- (1/2)” = 1 — (1/2)™; 
(c) P(AU B) = P(B) = 1 — (1/2) 
(d) P(AN B) = P(A) = 1- (1/2); 
(e) P(C) = P(B) — P(A) = (1/2) — (1/2)"; 
(£) P(B’) = 1 — P(B) = (1/2)™. 


1.3 Conditional Probability 
1041. 
1456’ 
(b) #7, 


649 
(c) 353° 


1.3-2 (a) 


(d) The proportion of women who favor a gun law is greater than the proportion of men 
who favor a gun law. 


13 12 1 

13 13 13 
b) PHC) = +S a 
ee) 52 51 204’ 


(c) P(Non-Ace Heart, Ace) + P(Ace of Hearts, Non-Heart Ace) 
2 4,1 3_ 51 1 
= 52 51 52 51 52.51 52 
1.3-6 Let H ={died from heart disease}; P ={at least one parent had heart disease}. 


N(HAP') 110 


A ee 
PUIS N(P) 648" 
ee 
20 19 18 1140 
o) 
a7. 1 1 
(b) ‘oo eee 


(c) x G ee >) : ok. 0.4605; 
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(d) Draw second. The probability of winning is 1 — 0.4605 = 0.5395. 


_ 52 51 50 49 48 47 8,808,975 
~ 52 52 52 52 52 52 11,881,376 
(b) P(A’) = 1 — P(A) = 0.25859. 


1.3-10 (a) P(A) 


= 0.74141; 


1 1 1 
1.3-12 (a) It doesn’t matter because P(B) = Ta? P(Bs) = Tp? P(Big) = is’ 
2 I 

=g 7g %” each draw. 
1.3-14 (a) 5-4-3 = 60; 
(b) 5-5-5= 125. 
35 24 23 

baan : 
5 8 5 8 40 


(b) P(B) 


1.3-16 


1.4 Independent Events 


1.4-2 (a) P(ANB) P(A)P(B) = (0.3)(0.6) = 0.18; 


1- P(A) = P(B)] 
P(A')P(B’). 


P(AUB) p P(A) + P(B) — P(AN B) 
BE E. 
= 0.72; 
(b) P(A|B) = Gn = E =i 
1.4-4 Proof of (b): P(A'NB) = P(B)P(A'|B) 
= PÌB)|1 — P(4|B)] 
= PÌB)|1 — P(A)] 
= P(B)P(A’). 
Proof of (c): P(A'NB') = P|(AU BY] 
= 1~P(AUB) 
= 1- P(A) -— P(B) + P(AN B) 
= 1- P(A) -— P(B) + P(A)P(B) 


1.4-6 P[AN(BNC)] 


ot il 


PIAN(BUC)| (AN B)U(ANC) 

NB)+ P(ANC)— P(ANBNC) 
)P(B) + P(A)P(C) — P(A) P(B)P(C) 
)[P(B) + P(C) — P(BNC)| 


P[A'N(BNC’)| 'A B) 


a We te the the We thal 
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PIA'N BNC 


= P\(AUBUC)’ 
= 1-P(AUBUC) 
= 1-P(A)- P(B)—- P(C)+ P(A)P(B) + P(A)P(C)+ 


P(B)P(C) — PA)P(B)P(C) 
= [1— P(A)][1— P(B)][1 — P(C) 
= P(A’)P(B')P(C’). 
143 523 2 
DO tõe ete 669 
1.4-10 (a) =i 
3.2 9 
(b) tZ 4760 
24 10 
ic) 4 4 16° 


1.4-14 (a) 1-— (0.4)? = 1 — 0.064 = 0.936; 
(b) 1-— (0.4)8 = 1 — 0.00065536 = 0.99934464. 


Oy 2k 5 
1.4-16 z =e 
@) ($) 2 
k=0 
1 431 43211 3 
W ra a aaa 


1.4-18 (a) 7; (b) (1/27; (c) 63; (d) No! (1/2)€3 = 1/9,223,372,036,854,775,808. 


1.4-20 No. The equations that must hold are 


(1— pı)(1 — p2) = pı (1 — p2) + p2(1 — pi) = pipe. 


There are no real solutions. 


1.5 Bayes’ Theorem 


1.5-2 (a) P(G) P(ANG)+ P(BNG) 
P(A)P(G|A) + P(B)P(G| B) 
(0.40)(0.85) + (0.60) (0.75) = 0.79; 
P(ANG) 
P(G) 
(0.40) (0.85) 


= —— = 0.48. 
0.79 
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lott ll 


(b) P(A|G) = 


1.5-4 Let event B denote an accident and let A; be the event that age of the driver is 16-25. 


Then 
E (0.1)(0.05) 
Pea |B) (0.1)(0.05) + (0.55) (0.02) + (0.20) (0.03) + (0.15)(0.04) 
50 50 _ 9.179 


50+110+60+60 280 


1.5-6 Let B be the event that the policyholder dies. Let A1, A2, A3 be the events that the 
deceased is standard, preferred and ultra-preferred, respectively. Then 
(0.60) (0.01) 


P(Ai|B) = 
(aa HE) (0.60)(0.01) + (0.30) (0.008) + (0.10) (0.007) 
60 60 
= upa o 
24 
P(42|B) = 5 = 0.264; 
7 
P(As|B) = 57 = 0.077. 


1.5-8 Let A be the event that the tablet is under warranty. 
(0.40) (0.10) 


PB iAY = 
Puy) (0.40)(0.10) + (0.30) (0.05) + (0.20) (0.03) + (0.10)(0.02) 
40 40 
= 404154642 63 °°? 
15 
P(B,|A) = = = 0.238: 
(B2 | A) as ; 
P(B3|A) = 6 _ 0.095; 
3 a 
P(B4|A) = 2 _ 0.032 
. a ai 
1.5-10 (a) P(D+) = (0.02)(0.92) + (0.98)(0.05) = 0.0184 + 0.0490 = 0.0674; 
0.0490 0.0184 
b) P(A- | D+) = = = 0.727; P(A+ | DT) = = 0.273: 
(B-P ) 0.0674 ~ 072 aE 0.0674 0273; 
oo (0.98) (0.95) 9310 
P(A- |D) = = = 0.998; 
tees ) (0.02)(0.08) + (0.98)(0.95) 16 +9310 i 
P(A* | D~) = 0.002; 


(d) Yes, particularly those in part (b). 


1.5-12 Let D = {defective roll}. Then 
P(IND) 
PU|D) = PD) 
P(I)- P(D|I) 
P(I)-P(D|I)+ PUI). P(D|IT) 
(0.60) (0.03) 
(0.60) (0.03) + (0.40)(0.01) 
0.018 _ 0.018 
0.018 + 0.004 0.022 


= 0.818. 
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